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ABSTRACT 
The present invention addresses the problem of providing a 
novel method for classifying cancer cells by an analysis 
method in which measurement of the activity of two types 
of protein kinase is used . Cancer cells are newly classified 
and drug sensitivity is predicted on the basis of the ratio of 
the activity of two types of protein kinase derived from the 
same sample . 
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METHOD FOR DETERMINING 
DRUG - SENSITIVE HUMAN CELL LINES BY 

ANALYSIS METHOD IN WHICH 
MEASUREMENT OF ACTIVITY OF TWO 
TYPES OF PROTEIN KINASE IS USED 

TECHNICAL FIELD 
[ 0001 ] The present invention relates to a novel method for 
classifying cancer cells into subtypes by an analysis method 
using the activity measurement of two types of protein 
kinase , and a method for determining the drug sensitivity of 
cancer cells based on the subtype classification method . The 
present invention further includes a method for determining 
the effect of a drug on a living body based on the activity 
measurement of protein kinases in cells derived from the 
living body . 

BACKGROUND ART 
[ 0002 ] Solid cancers ( malignant tumors ) are named e . g . 
“ breast ” cancer and “ large intestine ” cancer depending on 
the sites of onset and metastasis ; however , cancer cells , the 
cause of a disease , are various . Cancers in one tissue are 
variously classified with the development of molecular 
biology , and correlation with the effect of an anticancer drug 
has been studied . 
10003 ] Breast cancer is a cancer in which mammary gland 
lobular epithelium secreting milk , or mammary duct epithe 
lium which is a passage to mammary duct becomes malig 
nant , and is the most frequent malignant tumor among 
Japanese women in recent years . Various genes including 
BRCA1 and BRCA2 are suggested to be involved in breast 
cancer , and classified into various subtypes by their expres 
sion levels . 
[ 0004 ] There are , for example , classification by the 
expression levels of estrogen receptor ( ER ) and progester 
one receptor ( PgR ) related to the estrogen dependency of 
cancer cell growth , and classification by the expression level 
of HumanEGFR - Related2 ( HER2 ) , a receptor tyrosine 
kinase which is also a cancer gene . 
[ 0005 ] Antiestrogen drugs ( such as tamoxifen ) are effec 
tive for cancers in which the expression levels of estrogen 
receptor ( ER ) and progesterone receptor ( PgR ) are higher , 
and trastuzumab , an anti - HER2 monoclonal antibody , for 
example is effective for cancers in which the expression of 
HER2 is higher , and they are administered to patients . 
[ 0006 ] Accordingly , breast cancer has a good pathological 
complete response ( PCR ) rate when the expression levels of 
estrogen receptor ( ER ) and progesterone receptor ( PgR ) are 
higher and the expression of HER2 is higher . That is , the 
PCR rate is better in 
[ 0007 ] 1 : ( ER - PgR - positive , HER2 - positive ) = ( sensitive 
to antiestrogen drugs , sensitive to anti - HER2 monoclonal 
antibodies ) ( luminal B ( HER2 - positive ) type ) , 
[ 0008 ] 2 : ( ER — PgR - positive , HER2 - negative ) = ( sensitive 
to antiestrogen drugs , insensitive to anti - HER2 monoclonal 
antibodies ) ( luminal A type or luminal B ( HER2 - negative ) 
type ) , or 
[ 0009 ] 3 : ( ER — PgR - negative , HER2 - positive ) = ( insensi 
tive to antiestrogen drugs , sensitive to anti - HER2 monoclo 
nal antibodies ) ( non - luminal type ) . 
[ 0010 ] HER2 and ER are called predictive factors because 
of a relation to the effect of therapy , and are clinically 
applied ( Non - patent Literature 10 ) . A factor whose presence 

or absence is correlated with prognosis is called a prognostic 
factor . PgR is currently thought to be a prognostic factor . It 
is often to use mainly an immunohistochemical method 
( IHC method ) for tumor tissue samples to detect a predictive 
factor . Either a method in which both the staining intensity 
of tumor cells and the ratio of stained cells are considered 
( such as AllredScore ) or a method in which the staining 
intensity is not evaluated and only the ratio of stained tumor 
cells is used for determination ( such as J - Score ) is used . 
10011 ] HER2 is generally diagnosed by an IHC method , 
and determined as negative when the result is 0 or 1 + , and 
as positive for 3 + . When the result is 2 + , the presence or 
absence of amplification is examined by a FISH method 
( Fluorescence in situ hybridization ) , and HER2 is deter 
mined as positive when there is amplification and as nega 
tive when there is not amplification . 
[ 0012 ] . ER is determined as positive when AllredScore is 
3 to 8 , and it is often to set 10 % as a cutoff value when 
determining ER by the ratio of stained cells ; however , there 
is also an opinion that when the cells are present even at 1 % , 
ER should be determined as positive . In any case , when a 
fixed cutoff value is set and these genes ( predictive factors ) 
are determined as positive , these can be effective guidelines 
for therapy regimens . 
[ 0013 ] However , it is reported that there is triple negative 
breast cancer ( TNBC ) ( ER - negative , PgR - negative , HER2 
negative ) , in which the expression of all the ER , PgR and 
HER2 is not observed and to which the above antiestrogen 
drugs and HER2 monoclonal antibody are not effective as an 
anticancer drug , in breast cancers . 
[ 0014 ] Triple negative breast cancer ( TNBC ) is present at 
11 to 23 % in all breast cancers , and is currently thought to 
have poor prognosis . The effects of not only the above 
target - specific drugs but also other general anticancer drugs 
vary depending on patients , and it is suggested to require 
further subtyping ( Non - patent Literatures 7 and 8 ) . 
10015 ] . It is shown that TNBC can be currently classified 
by gene profiles into at least the following 6 subtypes in 
academics : 
10016 ) Two basal - like ( BL1 and BL2 ) subtypes ( with high 
expression of cell cycle - related genes and DNA damage 
response genes ) ; 
[ 0017 ] Immunomodulatory ( IM ) subtype ( with high 
expression of genes related to immune reactions ) ; 
[ 0018 ] Mesenchymal ( M ) subtype ( with high expression 
of genes related to TGF - B and Wnt / B - catenin signaling ) ; 
[ 0019 ] Mesenchymal - stem like ( MSL ) subtype ( with 
expression of M type + high expression of stem cell - related 
genes ) ; and 
[ 0020 ] Luminal androgen receptor ( LAR ) subtype ( with 
high expression of AR and luminal - related genes ) . 
[ 0021 ] However , it is difficult to correlate such gene 
expression profiles with the drug sensitivity of cancer cells , 
and basic studies have been still advanced ( Patent Litera 
tures 1 , 2 and 3 ; Non - patent Literatures 1 , 2 and 9 ) . 
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SUMMARY OF INVENTION 
Technical Problem 

[ 0038 ] The inventors of the application have also studied 
that a dosing guideline for anticancer drugs can be decided 
by profiling cancer cells , and hypothesized that classification 
into subtypes was possible not by a plurality of gene 
expression profiles but by a plurality of signal cascades . 
[ 0039 ] Based on the hypothesis , the inventors of the 
application searched whether cancer cells can be classified 
by a plurality of various cascades . However , a significant 
correlation could not be obtained in classification based on 
the expression levels of existing genes as shown in Com 
parative Examples in the Description of the application . 
[ 0040 ] However , the inventors of the application have 
believed their own hypothesis , moreover have diligently 
studied and have proved their own hypothesis by means 
described below . 
[ 0041 ] Accordingly , a problem to be solved in the inven 
tion of the application is to prove the above hypothesis , and 
more specifically to provide a novel method for classifying 
cancer cells into subtypes , and a method for determining the 
drug resistance of cancer cells based on the subtype classi 
fication method . Such method can determine the drug sen 
sitivity of the cancer cells , for example , using cancer tissue 
cells isolated from a cancer patient , and can be applied to use 
the result for the drug therapy of the patient etc . 
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Solution to Problem 
[ 0042 ] The inventors of the application repeated diligent 
studies and various trial and error ( see Comparative 
Examples ) . Methods for measuring indirect factors such as 
the expression levels , expression patterns and mutational 
patterns of related genes described above , and the phospho 
rylation patterns and phosphorylation levels of molecules 
contained in signal transduction pathways etc . have been 
tried ; however , a significant correlation could not be 
obtained in all the methods , and a correlation between signal 
cascade and drug resistance could be obtained only in an 
aspect below . 
[ 0043 ] That is , the present invention is a method for 
classifying cancer cells into four subtypes ( sensitive to a 
PI3K inhibitor and sensitive to an MEK inhibitor ) , ( sensitive 
to a PI3K inhibitor and insensitive to an MEK inhibitor ) , 
( insensitive to a PI3K inhibitor and sensitive to an MEK 
inhibitor ) , and ( insensitive to a PI3K inhibitor and insensi 
tive to an MEK inhibitor ) by directly measuring the enzyme 
activity of MEK and PI3K , kinases responsible for two types 
of primary signal transduction pathway related to the sur 
vival and growth of cancer , or further using normalization 
factors ( e . g . the total amount of protein reflecting the num 
ber of cells and the expression level of intracellular protein 
which is not influenced regardless of the presence of an 
inhibitor ) . 
[ 0044 ] Kinase is the generic name of enzymes which 
transfer a phosphate group from a molecule having a high 
energy phosphate bond such as ATP to a target molecule 
( phosphorylate ) ( enzyme number : EC 2 . 7 . 1 to EC 2 . 7 . 4 ) , 
and phosphatase is the generic name of enzymes which 
hydrolyze the target molecule to dissociate a phosphate 
group . 
[ 0045 ] Phosphorylation normally occurs at protein resi 
dues , serine , threonine and tyrosine in eukaryotes , and 
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[ Chemical Formula 1 ] 

O 

and LY294002 , AS605240 and ZSTK474 , and IC486068 
and IC87114 which are PI3Kd specific inhibitors . 
10055 ] MEK means MAP kinase - ERK kinase Kinase or 
mitogen - activated protein ( MAP ) Kinase Kinase ( MAPKK ) , 
and is an enzyme which causes the phosphorylation of 
threonine and serine residues , which is essential to activate 
MAP kinase ( EC 2 . 7 . 12 . 2 ) . 
[ 0056 ] MEK1 and MEK2 ; MEK4 and MEK7 ; MEK3 and 
MEK6 ; and MEK5 are involved in the activation of ERK1 / 2 , 
the activation of MNK subfamily , the activation of p38 
subfamily , and the activation of ERK5 subfamily , respec 
tively . 
[ 0057 ] Examples of “ MEK inhibitors ” include , but not 
limited to , trametinib ( C26H23FIN 04 = 615 . 3948 CAS : 
871700 - 17 - 3 ) 

kinases are classified into mainly serine / threonine kinases 
and tyrosine kinases depending on the targets thereof . 
[ 0046 ] Kinases themselves are cell membrane receptors 
and target molecules of other kinases , and thus form a 
complicated signal network in cells . 
[ 0047 ] For example , tyrosine kinases ( or Protein Tyrosine 
Kinases ; PTK , EC 2 . 7 . 10 . ) are involved in signal transduc 
tion related to cell differentiation , growth and adhesion or 
immune reactions , and roughly classified into two types , a 
receptor type which is activated by binding of a growth 
factor and a non - receptor type to which a growth factor is 
not bound . When being activated , a tyrosine kinase specifi 
cally phosphorylates a receptor itself or a target protein . By 
autophosphorylation of the receptor , various signaling trans 
duction factors recognizing this phosphorylated site are 
bound to the receptor to initiate signal transduction . Also , by 
the phosphorylation of the target protein , various intracel 
lular proteins are successively activated to initiate signal 
transduction . It is reported that there are more than 100 types 
of human tyrosine kinase and it is reported that they are 
excessively activated in cancers , atherosclerosis and psoria 
sis , etc . 
[ 0048 ] “ PI3K ” ( Phosphoinositide 3 - kinase ; EC 2 . 7 . 1 . 137 ) 
is an enzyme which phosphorylates the hydroxyl group at 
position 3 of inositol in an inositol phospholipid , a structural 
component of cell membrane . 
[ 0049 ] EC numbers ( Enzyme Commission numbers ) are 
those which are represented with 4 sets of numbers follow 
ing EC in accordance with reaction forms to organize 
enzymes , and are provided by Enzyme Committee in Inter 
national Union of Biochemistry ( currently NC - IUBMB ) . 
The definition of PI3K , for example , is described in : http : / / 
www . chem . qmul . ac . uk / iubmblenzyme / EC2 / 7 / 1 / 137 . html . 
[ 0050 ] PI3K is classified into Class I , II and III depending 
on structures . 
[ 0051 ] Class I PI3K is a heterodimer and is further clas 
sified into Class IA and Class IB by amino acid sequence 
homologies . Class IA includes p1100 , B and d , which are 
bound to p85a , p550 , p50a , p85B and p55y , regulatory 
subunits . p85a , p55a and p50a are splicing variants of an 
identical gene ( Pik3rl ) , and p85B and p55y are derived from 
Pik3r2 and Pik3r3 genes , respectively . Class IA is involved 
in the activation of protein kinase - B ( PKB ) ( Akt ( v - Akt 
Murine Thymoma Viral Oncogene ) of serine threonine 
kinase ) . The expression of p110y , Class IB PI3K , is 
observed only in mammals , and the function thereof is 
regulated by G protein fry subunit and p101 . PI3 kinase in 
Class IB is mainly activated by stimulation from G - protein 
coupled receptors ( GPCR ) , and PtdIns ( 3 , 4 , 5 ) P3 produced by 
the phosphorylation of PtdIns ( 3 , 4 ) P2 functions as a second 
messenger in an intracellular signal transduction mecha 
nism . 

[ 0052 ] Class II includes three isoforms , a , ß and y , and all 
the isoforms do not have a regulatory subunit and show an 
enzyme activity as a monomer . 
[ 0053 ] Class III PI3K produces PtdIns ( 3 ) P from PtdIns 
and is functionally close to Class II , but is structurally more 
similar to Class I and forms a heterodimer to function . Class 
III PI3K is involved in e . g . the trafficking of proteins . 
100541 Examples of “ PI3K inhibitors ” include , but not 
limited to , Wortmannin ( C23H240 , = 428 . 44 CAS No . 19545 
26 - 7 ) 

[ Chemical Formula 2 ] 

ZT 

and SL327 , U0126 , PD184352 , and PD - 98059 . 
[ 0058 ] Wortmannin is a PI3K inhibitor for all subclasses , 
while trametinib specifically inhibits MEK1 and MEK2 . 
[ 0059 ] MEK is a gene involved in ERK - MAPK pathway 
( growth signaling pathway ) . When a ligand ( growth factor ) 
is bound to a growth factor receptor in cell membrane to 
obtain a dimer , signals are transmitted by MAPK pathway 
( MAPK cascade ) in which Raf?MEKERK are phospho 
rylated through adaptor molecules and low - molecular 
weight G - protein Ras . The activated ERK is ultimately 
transferred to nucleus to activate transcription factors , and 
cell growth and cell differentiation genes are expressed 
( ERK - MAPK pathway ) . 
[ 0060 ) On the other hand , PI3K is a gene to be a trigger of 
the PI3K - Akt pathway ( survival signaling pathway ) . Stimu 
lation by a growth factor is transmitted simultaneously to a 
pathway to suppress apoptosis induction to prevent cell 
death . The pathway of this apoptosis - suppressing activity 
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begins with the phosphorylation activity of PI3K , then 
causing the phosphorylation of Akt , and resulting in cell 
survival and inhibition of apoptosis induction ( PI3K - Akt 
pathway ) . 
[ 0061 ] A primary method for measuring kinase activity 
includes the following . 
10062 ] 1 ) Protein is extracted from cells , an antibody 
specific to a target kinase existing in a sample solution is 
added to capture the kinase , and a substrate specific to the 
kinase is then added to cause an enzyme reaction . 
[ 0063 ] 2 ) Then , ADP , a product of the enzyme reaction , is 
measured and converted into activity . 
[ 0064 ] An analysis method for determining human cancer 
cells sensitive to a PI3K inhibitor and / or an MEK inhibitor 
comprises analyzing a correspondence relationship of each 
inhibitor with IC50 ( 50 % inhibitory concentration ) on each 
cell line by using any of : 
[ 0065 ] 1 ) the ratio of the activity values of the obtained 
kinases ( PI3K / MEK ) , 
[ 0066 ] 2 ) values obtained by normalizing ( correcting ) the 
activity values of the obtained kinases with the total amount 
of protein measured by a known method , and 
[ 0067 ] 3 ) values obtained by normalizing ( correcting ) the 
activity values of the obtained kinases with lactate dehy 
drogenase ( LDH ) measured by a known method . 
[ 0068 ] By measuring and analyzing MEK and PI3K activ 
ity on a plurality of cancer cell lines , a cell line sensitive to 
PI3K and / or MEK inhibitors could be selected at a high 
probability . 
[ 0069 ] Accordingly , the constitution of the present inven 
tion is as described in [ 1 ] to [ 26 ] below . 
[ 0070 ] [ 1 ] A method for classifying cancer cells , which 
method classifies cancer cells into any of : 
[ 0071 ] 1 ) insensitive to both a PI3K inhibitor and an MEK 
inhibitor , 
10072 ] 2 ) sensitive to a PI3K inhibitor and insensitive to 
an MEK inhibitor , 
100731 3 ) sensitive to an MEK inhibitor and insensitive to 
a PI3K inhibitor , or 
[ 0074 ] 4 ) sensitive to both a PI3K inhibitor and an MEK 
inhibitor , preferably a method for distinguishing cancer 
cells , which method distinguishes 
[ 0075 ] 1 ) cancer cells sensitive to a PI3K inhibitor and 
insensitive to an MEK inhibitor , and / or 
[ 0076 ] cancer cells sensitive to an MEK inhibitor and 
insensitive to a PI3K inhibitor , from 

[ 0077 ] 2 ) cancer cells insensitive to both a PI3K inhibi 
tor and an MEK inhibitor , and / or 

[ 0078 ] sensitive to both a PI3K inhibitor and an MEK 
inhibitor ; 
[ 0079 ] [ 2 ] The method of [ 1 ] , in which the method deter 
mines cells using the enzyme activity of PI3K and MEK in 
cancer cells ; 
[ 0080 ] [ 3 ] The method of [ 1 ] or [ 2 ] , in which the method 
determines cells by the ratio of the enzyme activity of PI3K 
and MEK in cancer cells ; 
[ 0081 ] [ 4 ] The method of [ 1 ] or [ 2 ] , in which the method 
further determines cells by normalization ( correction ) using 
the total amount of protein . 
[ 0082 ] [ 5 ] The method of [ 1 ] or [ 2 ] , in which the method 
further determines cells by normalization ( correction ) using 
the activity value of lactate dehydrogenase ( LDH ) . 

[ 0083 ] [ 6 ] The method of any one of [ 1 ] to [ 5 ] , in which 
the enzyme activity is measured by capturing the enzyme 
using an antibody which specifically binds to PI3K or MEK . 
[ 0084 ] [ 7 ] The method of any one of [ 1 ] to [ 6 ] , in which 
the enzyme activity is measured using a substrate specific to 
PI3K and / or MEK . 
[ 0085 ] [ 8 ] The method of any one of [ 1 ] to [ 7 ] , in which 
the enzyme activity is carried out by measuring the amount 
of ADP generated . 
[ 0086 ] [ 9 ] The method of any one of [ 1 ] to [ 8 ] , which is 
used to determine the effect prediction of a PI3K inhibitor or 
an MEK inhibitor . 
[ 0087 ] [ 10 ] The method of any one of [ 1 ] to [ 9 ] , in which 
the PI3K inhibitor is wortmannin . 
[ 0088 ] [ 11 ] The method of any one of [ 1 ] to [ 9 ] , in which 
the MEK inhibitor is trametinib . 
[ 0089 ] [ 12 ] The method of any one of [ 1 ] to [ 11 ] , in which 
cancer cells are isolated tissue samples . 
[ 0090 ] [ 13 ] The method of [ 12 ] , in which the tissue sample 
is a biopsy tissue sample . 
[ 0091 ] [ 14 ] The method of [ 13 ] , in which the biopsy tissue 
sample is derived from a patient with triple negative breast 
cancer . 
[ 0092 ] [ 15 ] A kit used for a method of [ 1 ] to [ 14 ] , the kit 
including an anti - PI3K antibody and an anti - MEK antibody . 
[ 0093 ] [ 16 ] A kit for measuring PI3K activity and MEK 
activity , the kit comprising 
[ 0094 ] 1 ) a first reagent for cytolysis , including a deter 
gent , a protease inhibitor , and a phosphatase inhibitor , 
[ 0095 ] 2A ) a second reagent for measuring MEK , includ 
ing an anti - MEK antibody , 
[ 0096 ] 2B ) a second reagent for measuring PI3K , includ 
ing an anti - PI3K antibody , 
[ 0097 ] 3A ) a third reagent for measuring MEK , including 
a substrate for MEK and ATP , 
[ 0098 ] 3B ) a third reagent for measuring PI3K , including 
a substrate for PI3K and ATP , 
[ 0099 ] 4 ) a fourth reagent including D - Glucose ; ADP 
Hexokinase ; Glucose - 6 - phosphate dehydrogenase ; Diapho 
rase and NADP , 
[ 0100 ] 5 ) a fifth reagent including Luminol and Peroxi 
dase , and 
[ 0101 ] 6 ) a sixth reagent for washing , including a deter 
gent . 
[ 0102 ] [ 17 ] The kit of [ 16 ] , wherein 
[ 0103 ] 1 ) target tissue cells are lysed with the first reagent ; 
[ 0104 ] 2A ) the second reagent for measuring MEK is 
added to a part of the cell lysate and MEK in the target tissue 
cells is collected ; the collected MEK is optionally washed 
with the sixth reagent for washing ; after the third reagent for 
measuring MEK is then added to and reacted with the 
collected MEK , the fourth reagent and fifth reagent are 
added to and reacted with the collected MEK to measure 
MEK activity ; and 
( 0105 ] 2B ) the second reagent for measuring PI3K is 
added to a part of the cell lysate and PI3K in the target tissue 
cells is collected ; the collected PI3K is optionally washed 
with the sixth reagent for washing ; after the third reagent for 
measuring PI3K is then added to and reacted with the 
collected PI3K , the fourth reagent and fifth reagent are 
added to and reacted with the collected PI3K to measure 
PI3K activity . 
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[ 0126 ] cancer can be breast cancer , preferably triple nega 
tive breast cancer . 
[ 0127 ] [ 27 ] A use of the PI3K activity / MEK activity ratio 
as a predictive factor for an effect of an anticancer drug on 
a cancer . 
( 0128 ] [ 28 ] The use of [ 27 ] , in which the anticancer drug 
is a PI3K inhibitor or / and an MEK inhibitor . 
[ 0129 ] [ 29 ] The use of [ 27 ] or [ 28 ] , in which the cancer is 
triple negative breast cancer . 

[ 0106 ] [ 18 ] A pharmaceutical composition for suppressing 
cancer cell growth , the pharmaceutical composition includ 
ing a PI3K inhibitor as an active ingredient ; 
[ 0107 ] in which the PI3K activity / MEK activity ratio of 
the cancer cells is greater than the PI3K activity / MEK 
activity ratio of a reference standard . 
[ 0108 ] [ 19 ] A PI3K inhibitor for use in the treatment of 
cancer including cancer cells in which the PI3K activity / 
MEK activity ratio is greater than the PI3K activity / MEK 
activity ratio of a reference standard ; 
[ 0109 ] [ 20 ] The use of a PI3K inhibitor in the manufacture 
of a medicine for suppressing the growth of cancer cells in 
which the PI3K activity / MEK activity ratio is greater than 
the PI3K activity / MEK activity ratio of a reference standard ; 
[ 0110 ] [ 21 ] A method for treating cancers including cancer 
cells in which the PI3K activity / MEK activity ratio is greater 
than the PI3K activity / MEK activity ratio of a reference 
standard , the method including administering a PI3K inhibi 
tor to a cancer patient ; 
[ 0111 ] wherein , the reference standard can be a cell tissue 
insensitive to both a PI3K inhibitor and an MEK inhibitor or 
sensitive to both a PI3K inhibitor and an MEK inhibitor , and 
[ 0112 ] cancer cells can be breast cancer cells , preferably 
triple negative breast cancer cells . 
[ 0113 ] [ 22 ] A pharmaceutical composition for suppressing 
the growth of cancer cells , the pharmaceutical composition 
including an MEK inhibitor as an active ingredient ; 
[ 0114 ] in which the PI3K activity / MEK activity ratio of 
the cancer cells is smaller than the PI3K activity / MEK 
activity ratio of a reference standard . 
[ 0115 ] [ 23 ] An MEK inhibitor for use in the treatment of 
cancer including cancer cells in which the PI3K activity ! 
MEK activity ratio is smaller than the PI3K activity / MEK 
activity ratio of a reference standard ; 
[ 0116 ] [ 24 ] The use of an MEK inhibitor in the manufac 
ture of a medicine for suppressing the growth of cancer cells 
in which the PI3K activity / MEK activity ratio is smaller 
than the PI3K activity / MEK activity ratio of a reference 
standard ; 
[ 0117 ] [ 25 ] A method for treating a cancer including 
cancer cells in which the PI3K activity / MEK activity ratio is 
smaller than the PI3K activity / MEK activity ratio of a 
reference standard , the method including administering an 
MEK inhibitor to a cancer patient ; 
[ 0118 ] Herein , the reference standard can be a cell tissue 
insensitive to both a PI3K inhibitor and an MEK inhibitor or 
sensitive to both a PI3K inhibitor and an MEK inhibitor ; and 
[ 0119 ] cancer cells can be breast cancer cells , preferably 
triple negative breast cancer cells . 
[ 0120 ] [ 26 ] A method for diagnosing and treating cancers , 
the method including , 
[ 0121 ] 1 ) collecting a cancer cell tissue from a patient , 
[ 0122 ] 2 ) measuring the MEK activity and PI3K activity 
in the collected cancer cells , and 
[ 0123 ] 3 ) administering a PI3K inhibitor to the patient 
when the PI3K activity / MEK activity ratio is greater than 
the PI3K activity / MEK activity ratio of a reference standard ; 
and 
[ 0124 ] administering an MEK inhibitor to the patient 
when the PI3K activity / MEK activity ratio is smaller than 
the PI3K activity / MEK activity ratio of a reference standard ; 
[ 0125 ] Herein , the reference standard can be a cell tissue 
insensitive to both a PI3K inhibitor and an MEK inhibitor or 
sensitive to both a PI3K inhibitor and an MEK inhibitor ; and 

Advantageous Effect of Invention 
[ 0130 ] The development of drugs to inhibit kinases and 
the development of companion diagnostics involved therein 
have actively advanced . As diagnostics , there is a method in 
which the expression levels and mutational patterns of genes 
related to signal transduction are confirmed , which method 
is actually in clinical use . 
[ 0131 ] Various drugs which directly inhibit kinase activity 
have been developed as molecular targeted drugs in the 
development of anticancer drugs ; however , there does not 
exist diagnostics to directly evaluate their effectiveness , i . e . 
the inhibition degree of kinase activity , and known compan 
ion diagnostics includes only methods for measuring indi 
rect factors such as the expression levels , expression patterns 
and mutational patterns of cancer related genes , and the 
phosphorylation patterns and phosphorylation levels of mol 
ecules contained in signal transduction pathways . In an 
analysis using those factors measured , information enough 
to predict the effect of each molecular targeted drug cannot 
be necessarily provided . 
[ 0132 ] In such circumstances , the invention of the appli 
cation provides a novel study approach and a novel method 
for classifying cancer cells based on the approach , and can 
contribute to the development of drugs to inhibit kinases and 
the development of companion diagnostics related thereto . 

BRIEF DESCRIPTION OF DRAWING 
[ 0133 ] FIG . 1A : Classification of cell lines by the inhibi 
tion rate of each drug . 
[ 0134 ] A growth inhibition rate of 25 % in a drug concen 
tration of 1 uM was used as an index . 
[ 0135 ] FIG . 1B : Classification of cell lines by the inhibi 
tion rate of each drug . 
[ 0136 ] A growth inhibition rate of 12 . 5 % in a drug con 
centration of 100 nM was used as an index . 
[ 0137 ] FIG . 1C : Classification of cell lines by the inhibi 
tion rate of each drug . 
[ 0138 ] A growth inhibition rate of 50 % in a drug concen 
tration of 10 UM was used as an index . 
01391 . FIG . 2 : Comparison with cell classification by 
PI3K activity / MEK activity values . 
[ 0140 ] FIG . 3 : Comparison with cell classification by 
values of the expression level of PI3K / the expression level 
of MEK ( Comparative Example 1 ) . 
[ 0141 ] FIG . 4 : Comparison with cell classification by 
values of the expression level of phosphorylated PI3K / the 
expression level of phosphorylated MEK ( Comparative 
Example 2 ) . 
[ 0142 ] FIG . 5 : Comparison with cell classification by 
values of the expression level of phosphorylated AKT / the 
expression level of phosphorylated ERK ( Comparative 
Example 3 ) . 
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[ 0143 ] FIG . 6 : Grid analysis by X : PI3K activity / LDH 
activity , and Y : MEK activity / LDH activity . 
[ 0144 ] FIG . 7 : Grid analysis by X : the expression level of 
PI3K / LDH activity , and Y : the expression level of MEK / 
LDH activity ( Comparative Example 4 ) 
[ 0145 ] FIG . 8 : Grid analysis by X : the expression level of 
phosphorylated PI3K / LDH activity , and Y : the expression 
level of phosphorylated MEK / LDH activity ( Comparative 
Example 5 ) . 
[ 0146 FIG . 9 : Grid analysis by X : the expression level of 
phosphorylated AKT / LDH activity , and Y : the expression 
level of phosphorylated ERK / LDH activity ( Comparative 
Example 6 ) . 
[ 0147 ] FIG . 10 : Grid analysis by X : PI3K activity / MEK 
activity , and Y : PI3K activity / LDH activity . 
[ 0148 ] FIG . 11 : Grid analysis by X : the expression level of 
PI3K / the expression level of MEK , and Y : the expression 
level of PI3K / LDH activity ( Comparative Example 7 ) . 
[ 0149 ] FIG . 12 : Grid analysis by X : the expression level of 
phosphorylated PI3K / the expression level of phosphorylated 
MEK , and Y : the expression level of phosphorylated PI3K / 
LDH activity ( Comparative Example 8 ) . 
[ 0150 ] FIG . 13 : Grid analysis by X : the expression level of 
phosphorylated AKT / the expression level of phosphorylated 
ERK , and Y : the expression level of phosphorylated AKT / 
LDH activity ( Comparative Example 9 ) . 
[ 0151 ] FIG . 14 : Grid analysis by X : PI3K activity / MEK 
activity , and Y : MEK activity / LDH activity . 
[ 0152 ] FIG . 15 : Grid analysis by X : the expression level of 
PI3K / the expression level of MEK , and Y : the expression 
level of MEK / LDH activity ( Comparative Example 10 ) . 
[ 0153 ] FIG . 16 : Grid analysis by X : the expression level of 
phosphorylated PI3K / the expression level of phosphorylated 
MEK , and Y : the expression level of phosphorylated MEK / 
LDH activity ( Comparative Example 11 ) . 
[ 0154 ] FIG . 17 : Grid analysis by X : the expression level of 
phosphorylated AKT / the expression level of phosphorylated 
ERK , and Y : the expression level of phosphorylated ERK / 
LDH activity ( Comparative Example 12 ) . 
[ 0155 ] FIG . 18 : Grid analysis by X : PI3K activity / the total 
amount of protein , and Y : MEK activity / the total amount of 
protein . 
[ 0156 ] FIG . 19 : Grid analysis by X : the expression level of 
PI3K / the total amount of protein , and Y : the expression level 
of MEK / the total amount of protein ( Comparative Example 

[ 0162 ] FIG . 25 : Grid analysis by X : the expression level of 
phosphorylated AKT / the expression level of phosphorylated 
ERK , and Y : the expression level of phosphorylated AKT / 
the total amount of protein ( Comparative Example 18 ) . 
[ 0163 ] FIG . 26 : Grid analysis by X : PI3K activity / MEK 
activity , and Y : MEK activity / the total amount of protein . 
[ 0164 ] FIG . 27 : Grid analysis by X : the expression level of 
PI3K / the expression level of MEK , and Y : the expression 
level of MEK / the total amount of protein ( Comparative 
Example 19 ) . 
[ 0165 ] FIG . 28 : Grid analysis by X : the expression level of 
phosphorylated PI3K / the expression level of phosphorylated 
MEK , and Y : the expression level of phosphorylated MEK / 
the total amount of protein ( Comparative Example 20 ) . 
( 0166 ] FIG . 29 : Grid analysis by X : the expression level of 
phosphorylated AKT / the expression level of phosphorylated 
ERK , and Y : the expression level of phosphorylated ERIK 
the total amount of protein ( Comparative Example 21 ) . 
[ 0167 ] FIG . 30 : Correlation with HPLC method in the 
measurement of MEK activity . 
[ 0168 ] FIG . 31 : Correlation with HPLC method in the 
measurement of PI3K activity . 
[ 0169 ] FIG . 32 : the ratio of kinase activity ( PI3K activity / 
MEK activity ) in tumors resected from tumor - bearing mice 
prepared from cultured cells . 
[ 0170 ] FIG . 33 : Suppression of tumor growth by drug 
administration using tumor - bearing mice prepared from 
MDA - MB - 231 
[ 0171 ] FIG . 34 : Suppression of tumor growth by drug 
administration using tumor - bearing mice prepared from 
HCC70 . 
[ 0172 ] FIG . 35 : Suppression of tumor growth by drug 
administration using tumor - bearing mice prepared from 
SUM185PE . 

13 ) . 
101571 FIG . 20 : Grid analysis by X : the expression level of 
phosphorylated PI3K / the total amount of protein , and Y : the 
expression level of phosphorylated MEK / the total amount of 
protein ( Comparative Example 14 ) . 
[ 0158 ] FIG . 21 : Grid analysis by X : the expression level of 
phosphorylated AKT / the total amount of protein , and Y : the 
expression level of phosphorylated ERK / the total amount of 
protein ( Comparative Example 15 ) . 
[ 0159 ] FIG . 22 : Grid analysis by X : PI3K activity / MEK 
activity , and Y : PI3K activity / the total amount of protein . 
[ 0160 ] FIG . 23 : Grid analysis by X : the expression level of 
PI3K / the expression level of MEK , and Y : the expression 
level of PI3K / the total amount of protein ( Comparative 
Example 16 ) . 
[ 0161 ] FIG . 24 : Grid analysis by X : the expression level of 
phosphorylated PI3K / the expression level of phosphorylated 
MEK , and Y : the expression level of phosphorylated PI3K / 
the total amount of protein ( Comparative Example 17 ) . 

DESCRIPTION OF EMBODIMENT 
[ 0173 ] Malignant tumors are tumors which invade sur 
rounding tissues or develop metastasis among cell popula 
tions ( tumors , benign tumors and malignant tumors ) which 
show autonomous and uncontrolled growth by genetic muta 
tion , and the term malignant tumors is classified into : 
[ 0174 ] 1 ) Carcinoma : malignant tumors derived from epi 
thelial tissues , 
[ 0175 ] 2 ) Sarcoma : malignant tumors derived from non 
epithelial tissues , and 
[ 0176 ] 3 ) Others : leukemia , etc . 
in pathology , and in the application , " cancer cells ” mean 
carcinoma cells . Examples thereof include , but not limited 
to , cancer cells such as head and neck cancers ( maxillary 
cancers , ( nasopharyngeal , mesopharyngeal and hypopha 
ryngeal ) cancers , pharyngeal cancers , tongue cancers , and 
thyroid cancers ) , thoracic cancers ( breast cancers , and lung 
cancers ( non - small cell lung cancers and small - cell lung 
cancers ) ) , digestive cancers ( esophageal cancers , stomach 
cancers , duodenal cancers , large intestine cancers ( colon 
cancers and rectal cancers ) , hepatic cancers ( hepatomas and 
cholangiocellular cancers ) , gallbladder cancers , bile duct 
cancers , pancreatic cancers , anal cancers , urinary tract can 
cers ( kidney cancers , ureter cancers , bladder cancers , pros 
tatic cancers , penile cancers and testicular ( testicle ) cancers ) , 
genital cancers ( uterine cancers ( cervical cancers and uterine 
body cancers ) , ovarian cancers , vulvar cancers and vaginal 
cancers ) , skin cancers ( basal cell cancers and squamous cell 
cancers ) . 
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[ 0177 ] “ Inhibitor sensitivity ” means , but not limited to , 
that cells cause growth inhibition by an inhibitor . As an 
example , when a cancer diagnosed as an HER2 - positive 
cancer causes growth inhibition and shows good PCR by 
trastuzumab , an anti - HER2 monoclonal antibody , in actual 
clinical site by anticancer drug therapy , the cancer can be 
defined as “ inhibitor sensitivity . ” In addition , when a cancer 
diagnosed as a luminal type ( ER . PgR - positive ) cancer 
causes growth inhibition and shows good pCR by tamox 
ifen , an antiestrogen drug , in actual clinical site by antican 
cer drug therapy , the cancer can be defined as “ inhibitor 
sensitivity . ” 
[ 0178 ] “ Inhibitor insensitivity ” means , but not limited to , 
that cells do not cause growth inhibition by an inhibitor . As 
an example , when a cancer diagnosed as an HER2 - negative 
cancer does not cause growth inhibition and PCR is not 
improved by trastuzumab , an anti - HER2 monoclonal anti 
body , in actual clinical site by anticancer drug therapy , the 
cancer can be defined as “ inhibitor insensitivity . ” In addi 
tion , when a cancer diagnosed as a non - luminal type ( ER . 
PgR - negative ) cancer does not cause growth inhibition and 
PCR is not improved by tamoxifen , an antiestrogen drug , in 
actual clinical site by anticancer drug therapy , the cancer can 
be defined as “ inhibitor insensitivity . ” 
[ 0179 ] Alternatively , about “ inhibitor insensitivity ” , cell 
growth inhibition is not caused under the same conditions as 
when a cancer cell line used in Examples is prescribed to be 
triple negative breast cancer , under inhibitor - added condi 
tions , which can be also defined as “ inhibitor insensitivity . ” 
[ 0180 ] Additionally , showing a growth inhibition rate of 
12 . 5 % , 25 % or 50 % or more in an inhibitor concentration of 
100 nM , 1 uM or 10 uM can be defined as " inhibitor 
sensitivity . ” Contrarily , showing a growth inhibition rate of 
less than 12 . 5 % , 25 % or 50 % in an inhibitor concentration 
of 100 nM , 1 uM or 10 uM can be defined as “ inhibitor 
insensitivity . ” 
[ 0181 ] More preferably , showing a growth inhibition rate 
of 12 . 5 % or more in a drug concentration of 100 nM , a 
growth inhibition rate of 25 % or more in a drug concentra 
tion of 1 uM , or a growth inhibition rate of 50 % or more in 
a drug concentration of 10 uM can be defined as " inhibitor 
sensitivity ” ; contrarily , showing a growth inhibition rate of 
less than 12 . 5 % in a drug concentration of 100 nM , a growth 
inhibition rate of less than 25 % in a drug concentration of 1 
uM , or a growth inhibition rate of less than 50 % in a drug 
concentration of 10 uM can be also defined as " inhibitor 
insensitivity . ” 
[ 0182 ] The “ enzyme activity of PI3K and MEK ” means 
activity that each kinase " phosphorylates ” a target thereof . 
The activity has the same meaning as activity which decom 
poses ATP , a supply source of phosphoric acid for “ phos 
phorylation , " into ADP and phosphoric acid . 
[ 0183 ] The " effect prediction of a PI3K inhibitor or an 
MEK inhibitor ” means to predict the effect of the inhibitor 
suppressing the growth of cancer cells , and preferably means 
to predict the effect of the inhibitor effectively functioning as 
an anticancer drug in a living body . 
[ 0184 ] The “ tissue sample ” means a tissue isolated from 
human or non - human animals . The " tissue sample ” can be 
for example cryopreserved after isolation . 
[ 0185 ] The " biopsy ” means to collect a part of pathologi 
cal tissue with e . g . a surgical knife and a needle for obser 
vation by e . g . a microscope in a diagnosis . Preferably , it is 
desired that the biopsy be carried out before administering a 

PI3K inhibitor and an MEK inhibitor . In the case of breast 
cancer , a tissue is collected from the breast of a patient by 
" excision biopsy ” ( the removal of an entire tissue lump ) ; 
“ incision biopsy ” ( the removal of a portion ) ; " core biopsy " 
( the removal of a part of tissue with a thick needle ) ; or “ fine 
needle aspiration ( FNA ) biopsy ” ( the removal of a tissue or 
body fluid with a thin needle ) . 
[ 0186 ] The “ anti - PI3K antibody ” and “ anti - MEK anti 
body ” in a “ kit ” can exist in the liquid state , and can be dried 
to exist in the solid state , and moreover can be directly 
bound to a solid layer including beads and plates , and can be 
indirectly fixed via Protein A , G and L and fused proteins 
thereof or antibodies recognizing the “ anti - PI3K antibody ” 
and “ anti - MEK antibody ” ( e . g . an antibody recognizing a 
mouse IgG when the “ anti - PI3K antibody " and " anti - MEK 
antibody ” are a mouse IgG antibody ) . 
[ 0187 ] In a “ kit , ” each “ measurement reagent ” can exist in 
the solution state in which reagent components are dis 
solved , and can be in the dry solid state . When a “ measure 
ment reagent ” is in the solid state , a “ kit ” can include a 
“ solvent " to dissolve the “ measurement reagent . ” 
[ 0188 ] The “ anti - PI3K antibody ” indicates an antibody 
which specifically recognizes and binds to PI3K having 
natural activity . It is preferred that binding not inhibit the 
activity of PI3K . The " anti - PI3K antibody ” can be antibod 
ies which recognize subunits of PI3K , PI3K Class I ( IA , IB ) , 
Class II and Class III , and can be a combination of those 
specific antibodies . The “ anti - PI3K antibody ” is desirably an 
antibody which recognizes p110a subunit of Class IA . 
[ 0189 ] The “ anti - MEK antibody ” indicates an antibody 
which specifically recognizes and binds to MEK having 
naturally - derived activity . The “ anti - MEK antibody ” can be 
antibodies which recognize MEK1 to 7 , and can be a 
combination of those specific antibodies . The “ anti - MEK 
antibody ” can be antibodies which specifically recognize 
MEK1 and MEK2 involved in the activity of ERK1 / 2 , or a 
combination of an antibody which specifically recognizes 
MEK1 and an antibody which specifically recognizes 
MEK2 . 
[ 0190 ] The “ antibodies ” can be full - length ( IgG , IgA , 
IgM , IgD , and IgE ) immunoglobulins , and fragments includ 
ing an antigen - binding recognizing site ( i . e . fragment anti 
bodies ( such as Fab , Fab ' , F ( ab ' ) 2 ) . In addition , the " anti 
bodies ” can be those derived from mammals such as human , 
mouse , rat , goat , horse and camel , and those derived from 
fish ( including shark ) and bird ( chicken ) . 
10191 ] The " reference standard ” indicates cells insensitive 
to both a PI3K inhibitor and an MEK inhibitor , or cells 
sensitive to both a PI3K inhibitor and an MEK inhibitor ; or 
a tissue including the cells . 
[ 0192 ] The “ PI3K activity / MEK activity ratio of a refer 
ence standard ” can be “ the PI3K activity / MEK activity 
ratio " calculated from a cell tissue derived from a specimen , 
or " the PI3K activity / MEK activity ratio ” calculated from 
tissue cells derived from a plurality of patients or healthy 
individuals , or can be “ the PI3K activity / MEK activity 
ratio " calculated from one or more types of cultured cells . In 
the case of breast cancer , the “ PI3K activity / MEK activity 
ratio of a reference standard ” can be “ the PI3K activity / 
MEK activity ratio " calculated from a cell tissue removed 
from the opposite breast which does not develop cancer . 
[ 0193 ] The “ patients ” can be mammals , and can be 
“ human ” or “ non - human mammals . " 
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EXAMPLES 
[ 0194 ] The present invention will now be described in 
more detail by way of Examples and Comparative Examples 
below . It should be noted , however , that the present inven 
tion is not limited to these Examples . 

Example 1 

calculated in a concentration of 1 uM , and the inhibition rate 
( % ) by trametinib and the inhibition rate ( % ) by wortmannin 
were plotted on the X axis and Y axis respectively on a 
graph . Using a 25 % growth inhibition rate as an index of the 
inhibitory effect of a drug , cells were classified into 4 types 
by grid analysis . 
[ 0200 ] By this method , HCC38 ( BL1 ) , MDA - MB - 231 
( MSL ) , DU4475 ( IM ) , HCC1187 ( IM ) and HCC1143 
( BL1 ) ; HCC1395 ( LAR ) , HCC1937 ( BL1 ) , HS578T ( MSL ) 
and MDA - MB - 157 ( MSL ) ; MDA - MB - 453 ( LAR ) and 
HCC70 ( BL2 ) ; and MDA - MB - 468 ( BL1 ) and SUM185PE 
( LAR ) could be classified as MA , R , S , and PA , respectively . 
[ 0201 ] This result was a result which cannot be expected 
by the existing classification method . 

Classification of Cell Lines Sensitive to an MEK Inhibitor 
and Sensitive to a PI3K Inhibitor by Cell Growth Test Using 
Cultured Cells 

1 . Method 

2B . Results 
[ 0195 ) Cultured cells were treated with a MEK inhibitor 
and a PI3K inhibitor in various concentrations , and cell lines 
sensitive to MEK and PI3K were classified by calculating a 
cell growth inhibition rate . The culture method and analysis 
method are as follows . 

Established Cells and Cell Culture 
[ 0196 ] Thirteen types of cells used in the present study , 
HCC38 ( BL1 ) , MDA - MB - 231 ( MSL ) , DU4475 ( IM ) , 
HCC1187 ( IM ) , HCC1143 ( BL1 ) , HCC1395 ( LAR ) , 
HCC1937 ( BL1 ) , MDA - MB - 453 ( LAR ) , HCC70 ( BL2 ) , 
HS578T ( MSL ) , MDA - MB - 157 ( MSL ) and MDA - MB - 468 
( BL1 ) , were obtained from American type culture collection 
( ATCC ) , and SUM185PE ( LAR ) was obtained from AST 
ERAND BIOSCIENCE . All the cells belong to triple nega 
tive breast cancer ( TNBC ) , and it is known which of six 
types ( BL1 , BL2 , M , MSL , IM and LAR ) these belong to by 
an existing classification method . 
[ 0197 ] All the cells were cultured in a medium designated 
from a source of supply , and 2 mM L - glutamine and 10 % 
fetal bovine serum ( FBS ) were supplemented . 

[ 0202 ] The results are shown in FIG . 1B . The cell lines 
were classified into 4 types , cell lines sensitive to wortman 
nin ( hereinafter , PA ) , cell lines sensitive to trametinib ( here 
inafter , MA ) , cell lines resistant to wortmannin and tram 
etinib ( hereinafter , R ) , and others ( hereinafter , S ) . In the 
classification , first the inhibition rate of each drug was 
calculated in a concentration of 100 nM , and the inhibition 
rate ( % ) by trametinib and the inhibition rate ( % ) by 
wortmannin were plotted on the X axis and Y axis respec 
tively on a graph . Using a 12 . 5 % growth inhibition rate as 
an index of the inhibitory effect of a drug , cells were 
classified into 4 types by grid analysis . 
[ 0203 ] By this method , HCC38 ( BL1 ) , MDA - MB - 231 
( MSL ) , DU4475 ( IM ) , HCC1187 ( IM ) and HCC1143 
( BL1 ) ; HCC1395 ( LAR ) , HCC1937 ( BL1 ) , HS578T ( MSL ) 
and MDA - MB - 157 ( MSL ) ; MDA - MB - 453 ( LAR ) and 
HCC70 ( BL2 ) ; and MDA - MB - 468 ( BL1 ) and SUM185PE 
( LAR ) could be classified as MA , R , S , and PA , respectively . 
10204 ] This result was a result which cannot be expected 
by the existing classification method . Drug Sensitivity Assay ( Cell Growth Test ) 

[ 0198 ] Each type of cells was seeded in a 96 well titer 
plate at 1x104 cells / well , and trametinib , an MEK inhibitor 
( Medchem Express ; 0 . 08 , 0 . 16 , 0 . 31 , 0 . 63 , 1 . 25 , 2 . 5 , 5 , 10 
and 20 uM ) , and wortmannin , a PI3K inhibitor ( Wako Pure 
Chemical Industries , Ltd . ; 0 . 08 , 0 . 16 , 0 . 31 , 0 . 63 , 1 . 25 , 2 . 5 , 
5 , 10 and 20 uM ) were dissolved in Dimethyl Sulfoxide 
[ DMSO ] ( Wako Pure Chemical Industries , Ltd . ) in various 
concentrations and treated . In addition , the effect on cell 
growth was examined at 72 hours after the inhibitor by 
sulforhodamine B assay ( manufactured by SIGMA - AL 
DRICH ) , and 50 uL of sulforhodamine B solution was added 
to each well and cells were left at room temperature for an 
hour for staining . The staining degree of metabolically 
survival cells was examined by monitoring absorbance at a 
wavelength of 565 nm using a microtiter plate . The absor 
bance of cells which were not treated with trametinib and 
wortmannin ( treated with DMSO ) was used as a control and 
defined as 100 % to calculate a cell growth inhibition rate . 

20 . Results 
10205 ] The results are shown in FIG . 1C . The cell lines 
were classified into 4 types , cell lines sensitive to wortman 
nin ( hereinafter , PA ) , cell lines sensitive to trametinib ( here 
inafter , MA ) , cell lines resistant to wortmannin and tram 
etinib ( hereinafter , R ) , and others ( hereinafter , S ) . In the 
classification , first the inhibition rate of each drug was 
calculated in a concentration of 10 uM , and the inhibition 
rate ( % ) by trametinib and the inhibition rate ( % ) by 
wortmannin were plotted on the X axis and Y axis respec 
tively on a graph . Using a 50 % growth inhibition rate as an 
index of the inhibitive effect of a drug , cells were classified 
into 4 types by grid analysis . 
0206 ] By this method , HCC38 ( BL1 ) , MDA - MB - 231 

( MSL ) , DU4475 ( IM ) , HCC1187 ( IM ) and HCC1143 
( BL1 ) ; HCC1395 ( LAR ) , HCC1937 ( BL1 ) , HS578T ( MSL ) 
and MDA - MB - 157 ( MSL ) ; MDA - MB - 453 ( LAR ) and 
HCC70 ( BL2 ) ; and MDA - MB - 468 ( BL1 ) and SUM185PE 
( LAR ) could be classified as MA , R , S , and PA , respectively . 
[ 0207 ] This result was a result which cannot be expected 
by the existing classification method . 
[ 0208 ] As described above , cell lines can be classified into 
drug sensitivity and drug insensitivity by the above grid 
analysis with extremely good reproducibility without the 
numerical limitations of drug concentrations and growth 
inhibition rates . 

2A . Results 

[ 0199 ] The results are shown in FIG . 1A . The cell lines 
were classified into 4 types , cell lines sensitive to wortman 
nin ( hereinafter , PA ) , cell lines sensitive to trametinib ( here - 
inafter , MA ) , cell lines resistant to wortmannin and tram 
etinib ( hereinafter , R ) , and others ( hereinafter , S ) . In the 
classification , first the inhibition rate of each drug was 
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Example 2 

Activity Measurement of Kinases in a Cultured Cell Lysate 

1 . Method 
[ 0209 ] A cell lysate was prepared from cultured cells , a 
target kinase was captured by using an antibody specific to 
each kinase , and measurement was then made using high 
performance liquid chromatography [ HPLC ) . The method 
for preparing a measurement sample and the measurement 
method will be described below . 

same manner as in the activity measurement of MEK . PI3K 
molecules were selectively precipitated from 200 uL of cell 
lysate with 12 ug of corresponding antibody ( anti - PI3K 
110a ; Santa Cruz Biotechnology ) and 150 tit of protein G 
beads ( Life technologies ) at 4° C . for 2 hours . After washing 
twice with a wash buffer 1 ( 0 . 1 % TX - 100 , 50 mM tris - HCl 
[ pH 7 . 4 ) , 150 mM NaCl ) , followed by twice with a wash 
buffer 2 ( 50 mM tris - HC1 [ pH 7 . 4 ] , 150 mM NaCl ) , 100 UL 
of substrate mixture including 50 nM substrate ( L - a - Phos 
phatidylinositol sodium salt ; Sigma ) , 2 mM adenosine 
triphosphate ( ATP ) ( Sigma ) , 70 mM tris - HCl ( pH 7 . 5 ) , and 
7 mM magnesium chloride was added to beads , and the 
obtained mixture was incubated at 37° C . for 2 hours with 
continuous shaking . After completion of the reaction a 
reaction mixed liquid was applied to HPLC and the amount 
of ADP in the reaction liquid was measured and converted 
into activity . It should be noted that the amount of ADP was 
calculated using a calibration curve created in advance using 
ADP with a known concentration . In addition , 1 unit ( U ) was 
prescribed as an enzyme amount for 1 pmol ADP generated 
at 37° C . for a minute . The measurement method is the same 
as above . 

Preparation of a Cell Lysate for Kinase Analysis 
[ 0210 ] Alysate of established cells used for kinase analy 
sis was prepared as follows . Cells were cultured in a 
predetermined medium with 10 % FBS ( fetal bovine serum ) . 
Cells were collected after culturing up to about 1x10 ' cells , 
and washed once with PBS . Next , cells were lysed with a 
lysis buffer ( 0 . 1 % NP - 40 , 50 mM tris - HCl ( pH 7 . 4 ] , 150 mM 
NaCl ) by 20 times injection with a 24 G needle . In order to 
remove non - lysed material , centrifugation was carried out at 
15000 rpm for 5 minutes to obtain a cell lysate . 

2 . Results 
[ 0215 ] As shown in [ Table 1 ] , cell lines showed different 
kinase activity values . 

TABLE 1 
MEK ACTIVITY 
VALUE JUL PI3K ACTIVITY VALUE [ U ] 

Capture and Activity Measurement of MEK in a Cell Lysate 
[ 0211 ] The MEK activity was measured using HPLC . 
Specifically , the amount of ADP , a product generated by a 
kinase reaction , was measured , and the concentration was 
converted into kinase activity . A cell lysate was prepared as 
described in the previous section . MEK molecules were 
selectively precipitated from 200 uL of cell lysate with 4 ug 
of corresponding antibody ( anti - MEK1 / MEK2 ; Santa Cruz 
Biotechnology ) and 100 uL of protein G beads ( Life tech 
nologies ) at 4° C . for 2 hours . After washing twice with a 
wash buffer 1 ( 0 . 1 % TX - 100 , 50 mM tris - HCl ( pH 7 . 4 ) , 150 
mM NaCl ) , followed by twice with a wash buffer 2 ( 50 mM 
tris - HC1 [ pH 7 . 4 ] , 150 mM NaCl ) , 100 uL of substrate 
mixture including 1 ug of protein substrate ( unactive - ERK ; 
Signalchem ) , 2 mM adenosine triphosphate ( ATP ) ( Sigma ) , 
70 mM tris - HCl ( pH 8 . 5 ) , and 7 mM magnesium chloride 
was added to beads , and the obtained mixture was incubated 
at 37° C . for 2 hours with continuous shaking . After comple 
tion of the reaction , the substrate - reaction mixed liquid was 
applied to HPLC and the amount of ADP in the reaction 
mixed liquid was measured and converted into activity . It 
should be noted that the amount of ADP was calculated 
using a calibration curve created in advance using ADP with 
a known concentration . In addition , 1 unit ( U ) was pre 
scribed as an enzyme amount for 1 pmol ADP generated at 
37° C . for a minute . 

MDA - MB - 453 
HCC1937 
HCC1187 
MDA - MB - 468 
HS578T 
MDA - MB - 157 
HCC70 
MDA - MB - 231 
SUM185PE 
HCC1395 
HCC38 
HCC1143 
DU4475 

25 . 6 
8 . 65 

12 . 85 
3 . 87 
3 . 53 
2 . 84 
2 . 53 

13 . 79 
12 . 54 
40 . 76 
23 . 83 
18 . 62 
28 . 60 

7 . 03 
2 . 09 
0 . 81 
8 . 90 
5 . 08 
5 . 50 
3 . 24 
1 . 49 

32 . 27 
3 . 75 
0 . 24 
1 . 57 
1 . 39 

Example 3 

Measurement of the Expression Level and the 
Phosphorylation Level of Kinases in a Cultured Cell Lysate 
by Western Blotting 

Method for Measuring Activity 
[ 0212 ] The measurement conditions will be described 
below . 
[ 0213 ] Agilent Technologies 1220 Infinity LC , Tosoh 
TSKgel ODS - 100V 5 M 4 . 6x150 mm , Eluent A : Acetoni - 
trile with 0 . 1 % Trifluoro acetic acid ( Fluka ) , Eluent B : Water 
with 0 . 1 % Trifluoro acetic acid ( Fluka ) , Flow rate 0 . 5 
mL / min , Wavelength : 254 nm . 

1 . Method 
[ 0216 ] The expression levels were measured from a cell 
lysate obtained in the above - described method by Western 
blotting . In addition , the absorbance at 280 nm was mea 
sured by a spectrophotometer to normalize the number of 
cells . The method will be described below . 

Activity Measurement of PI3K 
[ 0214 ] As is the case with MEK , PI3K activity was also 
measured using HPLC . A cell lysate was prepared in the 

Measurement of the Expression Levels of MEK and PI3K , 
the Expression Levels of Phosphorylation , the Expression 
Level of Phosphorylated ERK and the Expression Level of 
Phosphorylated AKT by Western Blotting 
[ 0217 ] Alysate of established cells used for the analysis of 
expression levels and phosphorylation levels was also pre 
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3000 spectrophotometer , and the obtained absorbance was 
converted using ABS 1 . 0 = 1 . 0 mg / mL . 
[ 0221 ] The above two types of value were used to nor 
malize the number of cells . 

2 . Results 
[ 0222 ] As shown in [ Table 3 ] , the LDH activity and the 
total amount of protein of each cell line were obtained . 

pared in the same manner as in the activity measurement . 
For Western blotting , a lysate of established cells was 
subjected to sodium dodecylsulfate - polyacrylamide gel 
electrophoresis , and the gel was transferred to a nitrocellu 
lose membrane . The membrane was incubated at room 
temperature for an hour ( or at 4° C . overnight ) with poly 
clonal anti - MEK1 / 2 antibody ( Cell signaling ; 1 : 1000 ) , poly 
clonal anti - Phospho - MEK1 / 2 antibody ( Ser217 / 221 ) ( Cell 
signaling ; 1 : 1000 ) , polyclonal anti - PI3K p110a antibody 
( Cell signaling ; 1 : 1000 ) , polyclonal anti - Phospho - PI3K p85 
( Tyr458 ) / p55 ( Try199 ) antibody ( Cell signaling ; 1 : 1000 ) , 
polyclonal anti - Phospho - ERK1 / 2 antibody ( Thr202 / Tyr204 ) 
( Cell signaling ; 1 : 1000 ) , polyclonal anti - Phospho - AKT anti 
body ( Thr308 ) ( Cell signaling ; 1 : 1000 ) , and then incubated 
with a horseradish peroxidase - binding antibody . The result 
was enhanced in a chemiluminescent detection system for 
visualization . A calibration curve was created using recom 
binant MEK and PI3K , and the levels of MEK , phosphory 
lated MEK , PI3K and phosphorylated PI3K were calculated . 

TABLE 3 

LDH ACTIVITY VALUE [ U ] 
TOTAL AMOUNT OF 
PROTEIN [ mg / mL ] 

MDA - MB - 453 
HCC1937 
HCC1187 
MDA - MB - 468 
HS578T 
MDA - MB - 157 
HCC70 
MDA - MB - 231 
SUM185PE 
HCC1395 
HCC38 

5340 
660 
2780 
5820 
6740 
3840 
1300 
11640 
4140 

10435 
23125 

6 . 72 
3 . 56 
7 . 68 
8 . 02 
6 . 52 
6 . 06 
4 . 72 
8 . 56 
7 . 74 

14 . 16 
14 . 38 

2 . Results 
[ 0218 ] As shown in [ Table 2 ] , cell lines showed different 
expression levels and phosphorylation levels of kinases . 

TABLE 2 

EXPRESSION 
LEVEL OF 
MEK [ ng ] 

EXPRESSION 
LEVEL OF 
PI3K [ ng ] 

EXPRESSION EXPRESSION EXPRESSION EXPRESSION 
LEVEL OF LEVEL OF LEVEL OF LEVEL OF 

PHOSPYORYLATED PHOSPYORYLATED PHOSPHORYLATED PHOSPHORYLATED 
MEK U ] PI3K [ U ] ERK [ U ] AKT [ U ] 

MDA - MB - 453 
HCC1937 
HCC1187 
MDA - MB - 468 
HS578T 
MDA - MB - 157 
HCC70 
MDA - MB - 231 
SUM185PE 
HCC1395 
HCC38 
HCC1143 
DU4475 

9 . 71 
0 . 47 
2 . 21 

14 . 02 
2 . 61 

12 . 11 
2 . 53 
1 . 01 
3 . 11 
2 . 90 
6 . 80 
8 . 90 

10 . 30 

11 . 01 
3 . 19 
5 . 97 
8 . 45 
2 . 05 
2 . 27 
2 . 66 
4 . 66 
8 . 26 
3 . 70 
8 . 80 

19 . 20 
2 . 30 

2 . 55 
1 . 59 
1 . 84 

11 . 52 
2 . 30 
2 . 07 
2 . 71 

12 . 68 
2 . 60 
3 . 80 
0 . 70 
0 . 80 

15 . 80 

32 . 47 
6 . 10 

57 . 36 
181 . 39 
78 . 03 

545 . 10 
5 . 74 

66 . 2 
118 . 6 
181 . 4 
99 . 3 
20 . 00 
78 . 00 

1 . 55 
1 . 46 
1 . 49 
2 . 04 
1 . 05 
1 . 27 
0 . 95 
0 . 93 
1 . 02 
1 . 20 
1 . 90 
1 . 00 
6 . 20 

6 . 47 
4 . 26 
5 . 44 
5 . 28 
4 . 51 
4 . 43 
4 . 87 
5 . 06 
6 . 05 
18 . 20 

3 . 80 
1 . 40 
4 . 50 

Example 4 TABLE 3 - continued 

Measurement of LDH Activity and A280 in a Cell Lysate LDH ACTIVITY VALUE UL . 
TOTAL AMOUNT OF 
PROTEIN [ mg / ml ) 

1 . Method 
HCC1143 
DU4475 

18385 
8255 

18 . 80 
13 . 80 

Example 5 

Construction of Determination Parameters for Cell Lines 
Sensitive to an MEK Inhibitor and Cell Lines Sensitive to a 
PI3K Inhibitor 

[ 0219 ] Using N - Assay LDH ( NITTOBO MEDICAL CO . , 
LTD . ) as a reagent and HITACHI 7180 automatic analyzer 
as a measuring instrument , 44 of sample and 160 uL of first 
reagent were mixed in a cell lysate obtained in the above 
described method at 37° C . for 5 minutes , and to the 
obtained liquid , 40 uL of second reagent was then added to 
cause a chromogenic reaction at the same temperature for 5 
minutes . Changes in absorbance per minute after the initia 
tion of the chromogenic reaction were measured at a main 
wavelength of 340 nm and a secondary wavelength of 405 
nm . The LDH activity [ U ] was calculated from the amount 
of absorbance change using a reference solution with a 
known concentration . 
[ 0220 ] In addition , the absorbance at 280 nm of the same 
lysate was measured using Pharmacia Biotech Ultraspec 

1 . Method 
[ 0223 ] Using 8 values calculated above ( Examples 2 to 4 ) 
related to protein kinases , i . e . I : MEK activity , II : PI3K 
activity , III : the expression level of MEK , IV : the phospho 
rylation level of MEK , V : the expression level of PI3K , VI : 
the phosphorylation level of PI3K , VII : LDH activity , and 



US 2018 / 0291421 A1 Oct . 11 , 2018 

VIII : the total amount of protein , parameters to predict the 
drug sensitivity of cell lines classified above were con 
structed . 
[ 0224 ] For the analysis , HCC38 ( BL1 ) , MDA - MB - 231 
( MSL ) , DU4475 ( IM ) , HCC1187 ( IM ) , HCC1143 ( BL1 ) , 
HCC1395 ( LAR ) , HCC1937 ( BL1 ) , HS578T ( MSL ) , MDA 
MB - 157 ( MSL ) , MDA - MB - 453 ( LAR ) , HCC70 ( BL2 ) , 
MDA - MB - 468 ( BL1 ) , and SUM185PE ( LAR ) were defined 
as cell line 1 , cell line 2 , cell line 3 , cell line 4 , cell line 5 , 
cell line 6 , cell line 7 , cell line 8 , cell line 9 , cell line 10 , cell 
line 11 , cell line 12 and cell line 13 , respectively . 

2 . Results 
[ 0225 ] As a result of diligent investigation , cell lines 
sensitive to two types of inhibitor can be predicted at a high 
probability using a parameter , “ PI3K activity / MEK activ 
ity . ” Specifically , cell lines sensitive to a PI3K inhibitor ( PA ) 
are in a region in which the values of “ PI3K activity / MEK 
activity ” are high i . e . a region in which PI3K activity is 
much higher than MEK activity . Contrarily to the above , cell 
lines sensitive to an MEK inhibitor ( MA ) are in a region in 
which the values of “ PI3K activity / MEK activity ” are low 
i . e . a region in which MEK activity is much higher than 
PI3K activity ( FIG . 2 ) . 
[ 0226 ] Contrarily to this , when using similar parameters , 
“ the expression level of PI3K / the expression level of MEK ” 
( Comparative Example 1 : FIG . 3 ) , “ the expression level of 
phosphorylated PI3K / the expression level of phosphorylated 
MEK ” ( Comparative Example 2 : FIG . 4 ) and “ the expres 
sion level of phosphorylated AKT / the expression level of 
phosphorylated ERK , " which are reaction products , ( Com 
parative Example 3 : FIG . 5 ) , such tendency could not be 
observed , and prediction could not be made . The results 
showed that it was effective to measure activity instead of 
expression levels and phosphorylation levels . 

[ 0230 ] The specificity is defined as “ a probability that a 
cell line which should be judged to be insensitive is correctly 
determined to be insensitive ” in this verification . As an 
example , when 8 cell lines insensitive to an MEK inhibitor 
are contained in all cell lines used in an analysis and 4 
insensitive cell lines are plotted in a region determined to be 
insensitive to an MEK inhibitor as a result of the analysis , 
the specificity is 4 / 8 = 50 % . 
[ 0231 ] The positive predictive value is defined as “ a 
probability of true sensitivity when sensitivity is deter 
mined ” in this verification . As an example , when 2 cell lines 
are plotted in a region determined to be sensitive to an MEK 
inhibitor and one of the cell lines is sensitive to an MEK 
inhibitor as a result of an analysis , the positive predictive 
value is 1 / 2 = 50 % . 
[ 0232 ] The negative predictive value is defined as “ a 
probability of true insensitivity when insensitivity is deter 
mined ” in this verification . As an example , when 6 cell lines 
are plotted in a region determined to be insensitive to an 
MEK inhibitor and five of the cell lines are insensitive to an 
MEK inhibitor as a result of an analysis , the negative 
predictive value is 5 % = 83 % . 
[ 0233 ] The accuracy is defined as “ the percentage of true 
sensitive cell lines and true insensitive cell lines to the 
whole ” in this verification . As an example , in a case where 
the total number of cell lines used in an analysis is 10 and 
there are two cell lines sensitive to an MEK inhibitor and 8 
cell lines insensitive to an MEK inhibitor among them , when 
one of the cell lines sensitive to an MEK inhibitor is 
determined to be sensitive ( true positive ) , the remaining one 
is determined to be insensitive ( false - negative ) , two of the 
cell lines insensitive to an MEK inhibitor are determined to 
be sensitive ( false - positive ) and the remaining 6 cell lines 
( true negative ) were determined to be insensitive as a result 
of the analysis , in this case , the accuracy is ( 1 + 6 ) / ( 1 + 2 + 1 + 
6 ) = 70 % . 

Example 6 
2 . Results 

Determination of Cell Lines Sensitive to an MEK Inhibitor 
and Cell Lines Sensitive to a PI3K Inhibitor by Grid 
Analysis 

1 . Method 
[ 0227 ] As is the case in Example 5 , parameters calculated 
using 8 values , i . e . I : MEK activity , II : PI3K activity , III : the 
expression level of MEK , IV : the phosphorylation level of 
MEK , V : the expression level of PI3K , VI : the phosphory 
lation level of PI3K , VII : LDH activity , and VIII : the total 
amount of protein were plotted on a 2 - axis graph , and 
verification including a cutoff condition was conducted . In 
addition , values were plotted on a graph using for MA , A 
for PA and for other cell lines . 
0228 ] As evaluation items for grid analysis , 5 items , 

sensitivity , specificity , positive predictive value , negative 
predictive value and accuracy , were calculated . 
0229 ] The sensitivity is defined as “ a probability that a 

cell line which should be judged to be sensitive is correctly 
determined to be sensitive ” in this verification . As an 
example , when two cell lines sensitive to an MEK inhibitor 
( MA ) are contained in all cell lines used in an analysis and 
one of the sensitive cell lines is plotted in a region deter 
mined to be sensitive to an MEK inhibitor as a result of the 
analysis , the sensitivity is 1 / 2 = 50 % . 

[ 0234 ] As a result of various investigations , grid analysis 
was carried out by combinations of a few types of param 
eters ( Tables 4 to 9 ) . Among these , the following 6 types are 
the parameters which are able to predict drug sensitivity of 
cell lines ( FIGS . 6 , 10 , 14 , 18 , 22 and 26 ) : 
1 ) X : PI3K activity / LDH activity , Y : MEK activity / LDH 
activity ( FIG . 6 ) , 
2 ) X : PI3K activity / MEK activity , Y : PI3K activity / LDH 
activity ( FIG . 10 ) , 
3 ) X : PI3K activity / MEK activity , Y : MEK activity / LDH 
activity ( FIG . 14 ) , 
4 ) X : PI3K activity / the total amount of protein , Y : MEK 
activity / the total amount of protein ( FIG . 18 ) , 
5 ) X : PI3K activity / MEK activity , Y : PI3K activity / the total 
amount of protein ( FIG . 22 ) , and 
6 ) X : PI3K activity / MEK activity , Y : MEK activity / the total 
amount of protein ( FIG . 26 ) . 
[ 0235 ] Contrarily , when using the expression levels 
( FIGS . 7 , 11 , 15 , 19 , 23 and 27 ) , the phosphorylation levels 
( FIGS . 8 , 12 , 16 , 20 , 24 and 28 ) , or the phosphorylation 
levels of a substrate ( FIGS . 9 , 13 , 17 , 21 , 25 and 29 ) instead 
of activity values , sensitivity could not be predicted ( Com 
parative Examples 4 to 21 ) . 
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1 ) Parameter Comparison 
[ 0236 ] 

TABLE 4 
GRID ANALYSIS BY 1 ) 

ACTIVITY 
EXPRESSION PHOSPHORYLATION 

LEVEL LEVEL 
PHOSPHORYLATION 

LEVEL OF SUBSTRATE 

0 % 
75 % 

40 % 
88 % 
67 % 
80 % 

0 % 

77 % 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

PA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

40 % 
100 % 
100 % 
73 % 
77 % 

0 % 
82 % 
0 % 

82 % 
69 % 

45 % 
38 % 
0 % 

82 % 
0 % 

82 % 
69 % 

20 % 
100 % 
100 % 
67 % 
69 % 

0 % 
100 % 

0 % 
83 % 
77 % 

100 % 
91 % 
67 % 
100 % 
92 % 

2 ) Parameter Comparison 
[ 0237 ] 

TABLE 5 
GRID ANALYSIS BY 2 ) 

EXPRESSION PHOSPHORYLATION 
LEVEL LEVEL 

PHOSPHORYLATION 
LEVEL OF SUBSTRATE ACTIVITY 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

?? SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

100 % 
75 % 
71 % 

100 % 
85 % 

100 % 
100 % 
67 % 
91 % 
92 % 

60 % 
50 % 
43 % 
67 % 
54 % 

0 % 
82 % 

60 % 
63 % 
38 % 
60 % 
46 % 
0 % 
73 % 
0 % 

80 % 

100 % 
63 % 
63 % 
100 % 
77 % 
0 % 

73 % 
0 % 

80 % 

77 % 

0 % 
82 % 

69 % 62 % 

3 ) Parameter Comparison 
[ 0238 ] 

TABLE 6 

GRID ANALYSIS BY 3 ) 

EXPRESSION PHOSPHORYLATION 
LEVEL LEVEL 

PHOSPHORYLATION 
LEVEL OF SUBSTRATE ACTIVITY 

40 % 20 % 20 % 
100 % 63 % 100 % 

100 % 100 % 100 % 

73 % 67 % 64 % 
77 % 

0 % 
75 % 
0 % 

82 % 
69 % 
50 % 
45 % 
14 % 
83 % 

54 % 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

PA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 

ACCURACY 

62 % 

100 % 0 % 100 % 

64 % 45 % 55 % 
33 % 0 % 33 % 
100 % 71 % 100 % 

54 % 46 % 38 % 69 % 
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4 ) Parameter Comparison 
[ 0239 ] 

TABLE 7 
GRID ANALYSIS BY 4 ) 

EXPRESSION PHOSPHORYLATION 
LEVEL LEVEL ACTIVITY 

PHOSPHORYLATION 
LEVEL OF SUBSTRATE 

40 % 
88 % 
67 % 
90 % 
85 % 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

PA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

40 % 
88 % 
67 % 
80 % 
92 % 
100 % 
100 % 
100 % 
100 % 
100 % 

20 % 
88 % 
50 % 
64 % 
62 % 
50 % 
88 % 
50 % 
91 % 
85 % 

40 % 
88 % 
40 % 
70 % 
69 % 

0 % 
73 % 
0 % 

80 % 
62 % 

0 % 
73 % 
0 % 

80 % 
62 % 

5 ) Parameter Comparison 
[ 0240 ] 

TABLE 8 

GRID ANALYSIS BY 5 ) 

EXPRESSION PHOSPHORYLATION 
LEVEL LEVEL 

PHOSPHORYLATION 
LEVEL OF SUBSTRATE ACTIVITY 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

?? SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

100 % 
63 % 
63 % 
100 % 
77 % 

100 % 
91 % 

40 % 
50 % 
33 % 
57 % 
46 % 

50 % 
91 % 
50 % 
91 % 

85 % 

80 % 
50 % 
50 % 
80 % 
62 % 

0 % 
73 % 

100 % 
75 % 
71 % 

100 % 
77 % 
0 % 

75 % 
0 % 

82 % 
67 % 0 % 

VALUE 100 % 80 % 
92 % 62 % 69 % 

6 ) Parameter Comparison 
[ 0241 ] 

TABLE 9 

GRID ANALYSIS BY 6 ) 

EXPRESSION PHOSPHORYLATION 
LEVEL LEVEL 

PHOSPHORYLATION 
LEVEL OF SUBSTRATE ACTIVITY 

40 % 20 % 40 % 
100 % 88 % 100 % 

100 % 

20 % 
75 % 
33 % 
60 % 
54 % 

40 % 100 % 

73 % 64 % 73 % 
77 % 62 % 77 % 

MA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 
ACCURACY 

PA SENSITIVITY 
SPECIFICITY 
POSITIVE PREDICTIVE VALUE 
NEGATIVE PREDICTIVE VALUE 

ACCURACY 

100 % 50 % 0 % 50 % 

38 % 36 % 45 % 45 % 

0 % 14 % 100 % 
73 % 

13 % 
80 % 
38 % 

71 % 83 % 
46 % 77 % 38 % 
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Example 7 Fourth Reagent 

[ 0247 ] Activity Measurement of Kinases in a Cultured Cell Lysate 
by a Kit for the Activity Measurement of Kinases Having a 
Chemiluminescent Method as a Measurement Principle 

100 mm 
10 mm 

1 . Method 

[ 0242 ] Correlation with a control method ( HPLC method : 
Example 2 ) was confirmed . 

Tris - HCl pH 8 . 5 ( SIGMA ) 
Magnesium sulfate heptahydrate ( Wako Pure 
Chemical Industries , Ltd . ) 
D - Glucose ( Wako Pure Chemical Industries , Ltd . ) 
ADP - Hexokinase ( Asahi Kasei Corp . ) 
Glucose - 6 - phosphate dehydrogenase 
( Roche Diagnostics K . K . ) 
Diphorase ( Asahi Kasei Corp . ) 
NADP ( Roche Diagnostics K . K . ) 

40 mM 
20 KU / L 
20 KU / L 

5 KU / L 
3 mM Samples 

[ 0243 ] Sixteen types of breast cancer cell lines were used . 
Specifically , the sixteen types are HCC38 , MDA - MB - 231 , 
DU4475 , HCC1187 , HCC1143 , HCC1395 , HCC1937 , 
HS578T , MDA - MB - 157 , MDA - MB - 453 , HCC70 , MDA 
MB - 468 , SUM185PE , BT20 , BT549 and HCC1806 . 

Fifth Reagent 

[ 0248 ] 

First Reagent 100 mM 

[ 0244 ] 
Sodium Carbonate pH 9 . 8 ( Wako Pure 
Chemical Industries , Ltd . ) 
Luminol ( Wako Pure Chemical Industries , Ltd . ) 
P - indophenol ( Wako Pure Chemical Industries , 
Ltd . ) ( photosensitizer ) 
Peroxidase ( TOYOBO CO . , LTD . ) 

1 mM 
0 . 3 mm 

20 KU / L 100 mM 
10 mM 

5 mM 
50 mM 

Tris - HCl pH 7 . 5 ( SIGMA ) 
MgCl2 ( Wako Pure Chemical Industries , Ltd . ) 
EDTA 2Na ( DOJINDO LABORATORIES ) 
NaF ( Wako Pure Chemical Industries , Ltd . ) 
( phosphatase inhibitor ) 
Na3V04 ( Wako Pure Chemical Industries , Ltd . ) 
( phosphatase inhibitor ) 
Protease inhibitor mixture ( NACALAI TESQUE , INC . ) 
NP - 40 ( NACALAI TESQUE , INC . ) 

Sixth Reagent 1 mM 

[ 0249 ] 1 % 
0 . 1 % 

Tris - HCl pH 7 . 5 ( SIGMA ) 
NaCl ( Wako Pure Chemical Industries , Ltd . ) 
Polyoxyethylene sorbitan monolaurate 
( NACALAI TESQUE , INC . ) 

100 mm 
300 mM 

0 . 05 % Second Reagent 
[ 0245 ] 

1 ) For measuring MEK Preparation of a Cell Lysate for Kinase Activity 
Dynabeads Protein G ( Life technologies ) 
anti - MEK1 antibody ( IgG ) ( Santa Cruz Biotechnology ) 
anti - MEK2 antibody ( IgG ) ( Santa Cruz Biotechnology ) 
2 ) For measuring PI3K 

15 mg / mL 
20 ug / mL 
20 ug / mL 

[ 0250 ] A lysate of established cells used for kinase analy 
sis was prepared as follows . Cells were cultured in a medium 
with 10 % FBS ( fetal bovine serum ) suitable for each cell . 
Cells were collected after culturing up to about 1x10 ' cells , 
and washed once with PBS . Next , cells were lysed by adding 
0 . 5 mL of first reagent and stirring with a vortex mixer . In 
order to remove non - lysed material , centrifugation was 
carried out at 15000 rpm for 5 minutes to obtain a cell lysate . 

Dynabeads Protein G ( Life technologies ) 
anti - PI3K 110a antibody ( IgG ) ( Santa Cruz 
Biotechnology ) 

22 . 5 mg / mL 
60 ug / mL 

Third Reagent Capture and a Kinase Reaction of MEK in a Cell Lysate 
[ 0246 ] 

1 ) For measuring MEK 

Tris - HCl pH 7 . 5 ( SIGMA ) 
NaCl ( Wako Pure Chemical Industries , Ltd . ) 
unactive - ERK ( Signalchem ) 
Adenosine triphosphate ( ATP , SIGMA ) 
2 ) For measuring PI3K 

100 mM 
300 mM 
100 ug / mL 
10 mM 

[ 0251 ] To 0 . 2 mL of cell lysate , 0 . 2 mL of second reagent 
for measuring MEK was added , and the obtained mixture 
was stirred at 4° C . for 2 hours to selectively precipitate 
MEK molecules . After completion of the reaction , the 
supernatant was removed and 0 . 5 mL of sixth reagent was 
then added , and a washing operation by suspending MEK 
capturing magnetic particles was carried out three times . 
After washing , 0 . 5 mL of third reagent for measuring MEK 
was added , and a kinase reaction was carried out at 37° C . 
for 2 hours with shaking . After completion of the reaction , 
the reaction liquid was collected and activity was measured 
by an HPLC method and a chemiluminescent method . The 
method for measuring activity by an HPLC method is the 
same as in Example 2 . 

Tris - HCl pH 7 . 5 ( SIGMA ) 
NaCl ( Wako Pure Chemical Industries , Ltd . ) 
L - a - Phosphatidylinositol sodium salt ( Signalchem ) 
Adenosine triphosphate ( ATP , SIGMA ) 

100 mm 
300 mM 
0 . 5 mM 
10 mM 
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Activity Measurement of MEK Using a Chemiluminescent 
Method 
[ 0252 ] MEK activity was measured by indirectly measur 
ing ADP generated by the kinase reaction , specifically by 
combining known enzyme reactions ( see diagram below ) . 

measuring PI3K was added , and a kinase reaction was 
carried out at 37° C . for 2 hours with shaking . After 
completion of the reaction , the reaction liquid was collected 
and activity was measured by an HPLC method and a 
chemiluminescent method . The method for measuring activ 
ity by an HPLC method is the same as in Example 2 . 

[ Chemical Formula 3 ] Activity Measurement of PI3K Using a Chemiluminescent 
Method 

ADP - dependent Hexokinase 
ADP + Glucose AMP + 

Glucose - 6 - phosphate 
[ 0257 ] As is the case in the activity measurement of MEK , 
PI3K activity was also measured by indirectly measuring 
ADP generated by the kinase reaction , specifically by com 
bining known enzyme reactions ( see diagram below ) . ( 2 ) 

G6PDH 
Glucose - 6 - phosphate + NADP 

Glucone - 1 , 5 - lactone - 6 - phosphate + NADPH [ Chemical Formula 4 ] 

Diaphorase ADP - dependent Hexokinase NADPH + H + NADPH + H202 ADP + Glucose AMP + 
Glucose - 6 - phosphate Peroxidase 

Luminol + Emission 

G6PDH 
Glucose - 6 - phosphate + NADP 

Glucone - 1 , 5 - lactone - 6 - phosphate + NADPH 

NADPH + H + 
Diaphorase 
= NADPH + H 

Peroxidase 
Luminol + H202 Emission 

[ 0253 ] First , the above three stages of enzyme reaction 
were carried out to convert ADP into hydrogen peroxide . 
Specific enzyme reactions are 1 ) the generation of Glucose 
6 - phosphate from ADP and Glucose by ADP - dependent 
Hexokinase , 2 ) the generation of NADPH from Glucose - 6 
phosphate and NADP by Glucose - 6 - phosphate dehydroge 
nase ( G6PDH ) , and 3 ) the generation of hydrogen peroxide 
from NADPH and hydrogen ion by Diaphorase . Further 
more , 4 ) hydrogen peroxide was allowed to react with 
Luminol and Peroxidase to emit light , which was detected 
by a detector . The detected intensity of chemiluminescence 
was converted into kinase activity via ADP concentration . 
[ 0254 ] . As a specific measurement protocol , a reaction 
liquid obtained in the above kinase reaction was 4 - fold 
diluted with Milli - Q to obtain a solution , which was applied 
to a 96 well plate at 20 UL , and 20 uL of fourth reagent was 
added thereto . The plate was incubated at 37° C . for 10 
minutes with shaking to generate hydrogen peroxide depen 
dent on the amount of ADP . After completion of the reaction , 
the plate was set to a luminometer ( manufactured by Thermo 
Fisher Scientific ) dealing with plate measurement , and 30 
uL of fifth reagent was added to each well . The intensity of 
chemiluminescence generated by adding the reagent was 
measured . The measured intensity of chemiluminescence 
was converted into kinase activity via ADP concentration . 
[ 0255 ] It should be noted that the concentration of ADP 
was calculated using a calibration curve created in advance 
using ADP with a known concentration . In addition , 1 unit 
( U ) was prescribed as an enzyme level for 1 pmol ADP 
generated at 37° C . for a minute . 

[ 0258 ] First , the above three stages of enzyme reaction 
were carried out to convert ADP into hydrogen peroxide . 
Specific enzyme reactions are 1 ) the generation of Glucose 
6 - phosphate from ADP and Glucose by ADP - dependent 
Hexokinase , 2 ) the generation of NADPH from Glucose - 6 
phosphate and NADP by Glucose - 6 - phosphate dehydroge 
nase ( G6PDH ) , and 3 ) the generation of hydrogen peroxide 
from NADPH and hydrogen ion by Diaphorase . Further 
more , 4 ) hydrogen peroxide was allowed to react with 
Luminol and Peroxidase to emit light , which was detected 
by a detector . The detected intensity of chemiluminescence 
was converted into kinase activity via ADP concentration . 

2 . Results 

Capture of PI3K and a Kinase Reaction in a Cell Lysate 
[ 0256 ] As is the case with MEK , to 0 . 2 mL of cell lysate , 
0 . 2 mL of second reagent for measuring PI3K was added , 
and the obtained mixture was stirred at 4° C . for 2 hours to 
selectively precipitate PI3K molecules . After completion of 
the reaction , the supernatant was removed and 0 . 5 mL of 
sixth reagent was then added , and a washing operation by 
suspending PI3K capturing magnetic particles was carried 
out three times . After washing , 0 . 5 mL of third reagent for 

[ 0259 ] Correlation with an HPLC method in the activity 
measurement of MEK is shown in FIG . 30 . 
[ 0260 ] Correlation was confirmed using an HPLC method 
as X as and the present method as Y . As shown in FIG . 30 , 
good results were obtained , in which Y = 1 . 2168X - 0 . 2884 
and the correlation coefficient was 0 . 896 . Because of this , it 
can be said that the present method can accurately measure 
MEK activity in human breast cancer cells . 
[ 0261 ] Similarly , correlation with an HPLC method in the 
activity measurement of PI3K is shown in FIG . 31 . 
[ 0262 ] Correlation was confirmed using an HPLC method 
as X and the present method as Y . As shown in FIG . 31 , good 
results were obtained , in which Y = 0 . 9027X - 0 . 0337 and the 
correlation coefficient was 0 . 943 . Because of this , it can be 
said that the present method can accurately measure PI3K 
activity in human breast cancer cells . 
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measurement of kinases having a chemiluminescent method 
as a measurement principle ” in Example 7 . 

Example 8 

[ 0263 ] Activity Measurement of Kinases in a Tumor 
Resected from a Tumor - Bearing Mice Prepared from Cul 
tured Cells 2 . Results 

1 . Method 
[ 0264 ] A cultured triple negative breast cancer cell line 
was injected under the skin of nude mice to prepare tumor 
bearing mice , and a tumor tissue was established and then 
removed at the time of a predetermined size . A lysate 
including a target kinase was prepared from the removed 
tumor , the target kinase was supplemented using an antibody 
specific to each kinase , and the measurement was then 
carried out using a chemiluminescent method . The method 
for preparing a measurement sample and the measurement 
method will be described below . It should be noted that the 
measurement method , reagent names , etc . are the same as in 
the " activity measurement of kinases in a cultured cell 
extract by a kit for the activity measurement of kinases 
having a chemiluminescent method as a measurement prin 
ciple ” in Example 7 . 

[ 0269 ] The results of activity measurement of tumors 
derived from three types of cell line are shown in FIG . 32 
( the number of individuals N = 3 ) . Samples were prepared 
from tumors derived from a cell line sensitive to an MEK 
inhibitor ( MA ) and a cell line sensitive to a PI3K inhibitor 
( PA ) , and “ PI3K activity / MEK activity ” was calculated . In 
this case , when a tumor sample derived from HCC70 cells 
not corresponding to both MA and PA , for example , is a 
reference standard , it can be suggested that a tumor having 
a lower “ PI3K activity / MEK activity ” than that of the 
reference standard is sensitive to an MEK inhibitor , and a 
tumor having a higher “ PI3K activity / MEK activity ” than 
that of the reference standard is sensitive to a PI3K inhibitor . 
Table 10 shows the p value of the “ PI3K activity / MEK 
activity ” of a cell line sensitive to an MEK inhibitor ( MA ) 
or a cell line sensitive to a PI3K inhibitor ( PA ) with 
reference to the reference standard . 

TABLE 10 
MDA - MB - 231 SUM185PE 

IICC70 < 0 . 05 < 0 . 05 

Preparation of a Cell Suspension and Tumor - Bearing Mice 
0265 ] . The cell lines of MDA - MB - 231 classified as MA , 
HCC70 classified as S and SUM185PE classified as PA were 
cultured by the above - described method , and after release 
with trypsin , the cells was suspended with Matrigel base 
ment membrane matrix ( manufactured by Corning Incorpo 
rated ) to about 7x100 cells / mL to prepare a cell suspension . 
Using a 27 gauge syringe , 0 . 1 mL of cell suspension was 
injected under the skin of 5 - week old female nude mice 
( manufactured by CLEA Japan , Inc . ) to create cancer 
bearing mice , and tumor volumes were observed . The tumor 
volume was calculated by major axis x ( minor axis ) / 2 . 

Example 9 
[ 0270 ] Test of Suppressing Tumor Growth by Drug 
Administration Using Tumor - Bearing Mice Prepared from 
Cultured Cells 

1 . Method Resection of a Tumor 
[ 0266 ] A tumor was resected at a stage when a tumor 
volume reached 300 mm . For an analysis , a tumor created 
using MDA - MB - 231 , a tumor created using HCC70 , and a 
tumor created using SUM185PE were defined as tumor 1 , 
tumor 2 and tumor 3 , respectively . 

[ 0271 ] A cultured triple negative breast cancer cell line 
was injected under the skin of nude mice to create cancer 
bearing mice , and a tumor tissue was established and a PI3K 
inhibitor and an MEK inhibitor were then administered . 
Tumor volumes were measured to observe an anti - tumor 
effect . The method for preparing a tumor - bearing mice and 
the administration route are as follows . 

Preparation of a Cell Suspension and Tumor - Bearing Mice 

Preparation of a Tumor Lysate for Kinase Activity 
[ 0267 ] A lysate of a tumor used for kinase analysis was 
prepared as follows . The weight of a resected tumor was 
measured , and 16 mL of first reagent per g of tumor was 
added . The tumor was ground using a muddler and a mortar 
under ice cooling to break a tumor tissue . In order to remove 
non - lysed material , centrifugation was carried out at 15000 
rpm for 5 minutes to obtain a tumor lysate . 

[ 0272 ] The cell lines of MDA - MB - 231 , HCC70 and 
SUM185PE were cultured by the above - described method , 
and after release with trypsin , the cells was suspended with 
Matrigel basement membrane matrix ( manufactured by 
Corning Incorporated ) to about 7x10° cells / mL to prepare a 
cell suspension . Using a 27 gauge syringe , 0 . 1 mL of cell 
suspension was injected under the skin of 5 - week old female 
nude mice ( manufactured by CLEA Japan , Inc . ) to prepare 
tumor - bearing mice . 

Capture and a Kinase Reaction of MEK in a Tumor Lysate 

Activity Measurement of MEK Using a Chemiluminescent 
Method 

Capture and a Kinase Reaction of PI3K in a Tumor Lysate Preparation of a Drug Solution 

Activity Measurement of PI3K Using a Chemiluminescent 
Method 

102731 Trametinib , an MEK inhibitor , and wortmannin , a 
PI3K inhibitor , were each dissolved in PBS with 1 % dim 
ethylsulfoxide ( DMSO ) to 0 . 3 mg / kg to obtain a drug 
solution . In addition , PBS with 1 % DMSO was used as a 
control . 

[ 0268 ] These are the same as in the “ activity measurement 
of kinases in a cultured cell extract by a kit for the activity 
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Administration Route and Experiment Design 
[ 0274 ] Individuals whose tumor volume reached 300 mm 
were randomly divided into 3 groups and administration was 
initiated . As an administration route , a drug solution was 
orally administered once - daily for 14 days and the tumor 
volume was observed . The tumor volume was calculated by 
major axis x ( minor axis ) < / 2 . 

[ 0280 ] In particular , a novel therapy can be also provided 
to patients diagnosed as triple negative breast cancer 
( TNBC ) . Patients diagnosed as TNBC have conventionally 
selected a radiation therapy or chemotherapy using an 
anticancer drug as a therapy regimen after the extirpative 
surgery of a tumor tissue . At this time , the method involved 
in the invention of the application can provide one of 
guidelines ( predictive factor ) to select an anticancer drug 
which should be used . 

2 . Results 
[ 0275 ] FIGS . 33 to 35 show the results of the test of 
suppressing tumor growth by each inhibitor using the num 
ber of individuals N = 6 in each group ( Control group , 
Trametinib - administered group and Wortmannin - adminis 
tered group ) ( FIG . 33 : MDA - MB - 231 derived tumor - bear 
ing mice , FIG . 34 : HCC70 dericed tumor - bearing mice , and 
FIG . 35 : SUM185PE derived tumor - bearing mice ) . In addi 
tion , Table 11 shows the results of p values calculated by a 
significance test about tumor volumes between each group 
and the control group at 15th day , the next day of drug 
administration for 14 days . Mann - Whitney U test was used 
as the test method . 

TABLE 11 
MDA - MB - 231 HCC70 SUM185PE 

TRAMETINIB GROUP 
WORTMANNIN GROUP 

< 0 . 005 
0 . 0656 

< 0 . 005 
< 0 . 05 

0 . 9372 
< 0 . 05 

[ 0276 ] The growth of a tumor derived from MDA - MB 
231 , a cell line sensitive to an MEK inhibitor ( MA ) in which 
the “ PI3K activity / MEK activity ” showed a low value in 
Example 7 , was significantly suppressed by administering 
trametinib , an MEK inhibitor , while a significant suppres 
sive effect was not obtained by administering wortmannin , 
a PI3K inhibitor . 
[ 0277 ] The growth of a tumor derived from SUM185PE , 
a cell line sensitive to a PI3K inhibitor ( PA ) in which the 
“ PI3K activity / MEK activity ” showed a high value in 
Example 7 , was significantly suppressed by administering 
wortmannin , a PI3K inhibitor , while a significant growth 
suppressive effect was not obtained by administering tram 
etinib , an MEK inhibitor . 
[ 0278 ] About the growth of a tumor derived from HCC70 , 
a cell line sensitive to both inhibitors ( S ) in which the “ PI3K 
activity / MEK activity ” showed an intermediate value in 
Example 7 , a significant growth suppressive effect was 
observed by administering wortmannin , a PI3K inhibitor , 
and administering trametinib , an MEK inhibitor , but the 
effects varied depending on drugs . 
[ 0279 ] From the above results , it was suggested that the 
measurement of the PI3K activity / MEK activity ratio of 
cancer tissue cells isolated from a cancer patient was an 
extremely effective guideline to select a drug suitable for the 
cancer treatment of the cancer patient , and an effective 
treatment was possible by preferentially administering a 
selected drug . That is , a therapy regimen in which an MEK 
inhibitor is preferentially administered when the “ PI3K 
activity / MEK activity ” shows a low value and a PI3K 
inhibitor is preferentially administered when the “ PI3K 
activity / MEK activity ” shows a high value is established , 
and thus “ PI3K activity / MEK activity ” can be used as a 
predictive factor for an effect of chemotherapy to cancers . 

INDUSTRIAL APPLICABILITY 
[ 0281 ] A novel method for classifying cancer cells into 
subtypes by an analysis method using the activity measure 
ment of two types of protein kinase , and a method for 
determining the drug resistance of cancer cells based on the 
subtype classification method contribute to determining a 
drug effect on a living body based on the activity measure 
ment of protein kinases in cells derived from the living body . 
Such method can be applied for example to determine , using 
cancer tissue cells isolated from a cancer patient , the drug 
sensitivity of the cancer cells , and to use the results for the 
drug therapy of the cancer patient . 
[ 0282 ] An anticancer drug therapy itself has a great burden 
to patients , and it is important to decide a therapy regimen 
suitable for a patient before the initiation of treatment in 
order to maintain quality of life ( QOL ) of the patient . The 
invention of the application can be applied for not only a 
therapy regimen for chemical treatment before a surgical 
operation ( preoperative anticancer drug treatment ) but also 
a therapy regimen after tumor resection by a surgical opera 
tion . 

1 . A method for distinguishing cancer cells , which method 
distinguishes 

1 ) cancer cells sensitive to a PI3K inhibitor and insensi 
tive to an MEK inhibitor , and / or 

cancer cells sensitive to an MEK inhibitor and insensitive 
to a PI3K inhibitor , from 

2 ) cancer cells insensitive to both a PI3K inhibitor and an 
MEK inhibitor , and / or 

sensitive to both a PI3K inhibitor and an MEK inhibitor ; 
the method being characterized by distinguishing cancer 

cells by the enzyme activity ratio of PI3K and MEK in 
cancer cells . 

2 . The method according to claim 1 , in which the method 
further determines cells by normalization using the total 
amount of protein . 

3 . The method according to claim 1 , in which the method 
further determines cells by normalization using the activity 
value of lactate dehydrogenase ( LDH ) . 

4 . The method according to claim 1 , wherein the enzyme 
activity is measured by capturing the enzyme using an 
antibody which specifically binds to PI3K or MEK . 

5 . The method according to claim 1 , wherein the enzyme 
activity is measured using a substrate specific to PI3K and / or 
MEK . 

6 . The method according to claim 1 , in which the enzyme 
activity is carried out by measuring the amount of ADP 
generated . 

7 . The method according to claim 1 , which is used to 
determine the effect prediction of a PI3K inhibitor or an 
MEK inhibitor . 

8 . The method according to claim 1 , wherein the PI3K 
inhibitor is wortmannin . 
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9 . The method according to claim 1 , wherein the MEK 
inhibitor is trametinib . 

10 . The method according to claim 1 , wherein cancer cells 
are a tissue sample . 

11 . The method according to claim 10 , wherein the tissue 
sample is a biopsy tissue sample . 

12 . The method according to claim 11 , wherein the biopsy 
tissue sample is derived from a patient with triple negative 
breast cancer . 

13 . A kit used for a method according to claim 1 , the kit 
comprising an anti - PI3K antibody and an anti - MEK anti 
body . 

14 . A kit for measuring PI3K activity and MEK activity , 
the kit comprising 

1 ) a first reagent for cytolysis , comprising a surface active 
agent , a protease inhibitor , and a phosphatase inhibitor , 

2A ) a second reagent for measuring MEK , comprising an 
anti - MEK antibody , 

2B ) a second reagent for measuring PI3K , comprising an 
anti - PI3K antibody , 

3A ) a third reagent for measuring MEK , comprising a 
substrate for MEK and ATP , 

3B ) a third reagent for measuring PI3K , comprising a 
substrate for PI3K and ATP , 

4 ) a fourth reagent comprising D - Glucose ; ADP - Hexoki 
nase ; Glucose - 6 - phosphate dehydrogenase ; Diphorase 
and NADP , 

5 ) a fifth reagent comprising Luminol and Peroxidase , and 
6 ) a washing sixth reagent comprising a surface active 

agent . 
15 . A use of the PI3K activity / MEK activity ratio as a 

predictive factor for an effect of an anticancer drug on a 
cancer . 

16 . The use according to claim 15 , wherein the anticancer 
drug is a PI3K inhibitor or / and an MEK inhibitor . 

17 . The use according to claim 15 , wherein the cancer is 
triple negative breast cancer . 

18 . A pharmaceutical composition for suppressing cancer 
cell growth , the pharmaceutical composition comprising a 
PI3K inhibitor as an active ingredient ; 

wherein the PI3K activity / MEK activity ratio of the 
cancer cells is greater than the PI3K activity / MEK 
activity ratio of a reference standard . 

19 . A pharmaceutical composition for suppressing cancer 
cell growth , the pharmaceutical composition comprising an 
MEK inhibitor as an active ingredient ; 

wherein the PI3K activity / MEK activity ratio of the 
cancer cells is smaller than the PI3K activity / MEK 
activity ratio of a reference standard . 

20 . The pharmaceutical composition according to claim 
18 , wherein the reference standard is a cell sensitive to both 
a PI3K inhibitor and an MEK inhibitor . 

21 . The pharmaceutical composition according to claim 
18 , wherein the cancer is triple negative breast cancer . 

22 . A method for diagnosing and treating cancers , the 
method comprising , 

1 ) collecting a cancer cell tissue from a patient , 
2 ) measuring the MEK activity and PI3K activity in the 

collected cancer cells , and 
3 ) administering a PI3K inhibitor to the patient when the 

PI3K activity / MEK activity ratio is greater than the 
PI3K activity / MEK activity ratio of a reference stan 
dard ; or 

administering an MEK inhibitor to the patient when the 
PI3K activity / MEK activity ratio is smaller than the 
PI3K activity / MEK activity ratio of a reference stan 
dard . 

23 . The method according to claim 22 , wherein the 
reference standard is cells sensitive to both a PI3K inhibitor 
and an MEK inhibitor . 

24 . The method according to claim 22 , wherein the cancer 
is triple negative breast cancer . 


